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Description

[0001] The present invention deals with a new method of preparing a quantum transistor and a modified quantum
transistor, which is an electronic device in the field of microelectronics formed by, or containing, one-dimensional or two-
dimensional structures that present conductance and quantum capacitance, correlated by quantum entanglement;
wherein the quantum transistor obtained works in A.C. (alternating current) mode or through transient disturbances.
Thus, it becomes possible to provide all the applications already available in classical transistors that operate in D.C.
(direct current) mode, but with additional advantages thatinclude greater sensitivities and better electronic and information
transport performance over long distances in the device, intrinsic properties of quantum phenomena and new transistor
architectures that were previously not possible to be realized in D.C. mode, as is the case with classical transistors.

FIELD OF APPLICATION

[0002] The method for preparing a quantum transistor and a modified quantum transistor, object of the present
invention, has application in the field of microelectronics, more specifically for the preparation of microstructures with
nanometric dimensions molded in one-dimensional or two-dimensional materials, which have excellent electronic,
chemical, optical and magnetic properties, to be used in various applications such as: field effect transistors (FET) of
different natures: metal-oxide-semiconductor FET (MOSFET) of depletion type, which can be N-channel or P-channel,
and of the intensification type, which can be N-channel or P-channel, junction FET (JFET) of depletion type, which can be
N-channel or P-channel, organic field effect transistor (OGFET), insulated gate bipolar transistor (IGBT), organic memory
nanoparticle (NOMFET), DNA field effect transistor (DNAFET) , metal and semiconductor field effect transistor (MES-
FET), high electron mobility transistor (HEMT), fast recovery epitaxial diodes (FREDFET), ion sensitive field effect
transistor (ISFET), chemically sensitive field effect transistor (ChemFET), graphene-based field effect transistor (GFET) .

OBJECTIVES OF THE INVENTION

[0003] The method for preparing a quantum transistor and an obtained quantum transistor, object of the present
invention, aims to present a method for preparing a quantum transistor formed by one-dimensional or two-dimensional
structures correlated by quantum entanglement, wherein the quantum transistor obtained works in A.C. mode (alternating
current) or by transient disturbances, which allow all applications already available in classical transistors that operate in
D.C. (direct current) mode for transistor architectures that were previously not possible to be realized in D.C. mode.
[0004] Another objective of the invention is to present an economically viable method of preparing a quantum transistor
with better electronic transport performance in the transistor channel, providing less energy loss during the operation.
[0005] It is also the objective of this invention to present a method of preparing quantum transistors functioning as
amplifiers or switches, which can be used in basic components of all electronic chips and new quantum transistor devices,
as long as using A.C. modes or similar modulation of operation.

[0006] Anotherobjective of thisinvention is to present a method for preparing a quantum transistor whose entanglement
properties of one-dimensional (1D) or two-dimensional (2D) structures are much more sensitive and precise than what is
currently available for application in health field (diagnosis of diseases, discoveries of new compounds), environment
(detection of pesticides, chemical weapons, contaminants in water, ecological pollution control), and food industry
(detection of bacteria, chemical and biological contaminants, quality control).

STATE OF THE ART

[0007] In research carried out in specialized databases, documents were found relating to methods for preparing
quantum transistor devices, but none of these methods and microelectronic devices have the configuration and
functioning characteristics as described in this invention. Among such documents, the following can be highlighted:
[0008] Patent document JPH0595106A, which provides a quantum element with good signal transmission properties.
Thin-line quantum transistors are connected by a quantum line having the same size as the quantum transistor. That way,
electron reflection and scattering in a part of the connection wiring can be restricted, and a good signal transmission
element can be realized;

[0009] Patent document JPH01189968A, which presents two stages of doped Si functional layers forming a junction
with the surface of a GaAs semiconductor substrate. An undoped GaAs layer is provided on top of the above-mentioned
layers; in addition, a gate electrode is provided, high-density source and drain regions being formed on both sides of the
electrode; and ohmic electrodes are provided in the top layer of these regions. Quantum interference type transistor can be
formed easily. Since the doping layers can be homogeneously bonded to the semiconductor substrate to be used, the
doping layers have a high degree of freedom. As a result, an ultra-high-speed quantum interference-type transistor can be
formed easily; and
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[0010] Patent document EP3073728A1, which presents a graphene quantum dot field effect transistor configured to
operate in such a way that photons incident on it cause electron-hole pairs to be formed; a connector element connected to
the back gate of the quantum dot graphene field effect transistor; a switching element configured to function as an output
switch to provide an output for a current flowing through the quantum dot graphene field effect transistor; wherein the
quantum dot graphene field effect transistor is configured to be polarized via the connector element connected to the back
gate such that the electrons or holes formed are trapped in at least one quantum dot and, respectively, the holes or
electrons migrate to the field-effect quantum transistor channel of graphene quantum dots; and wherein a drain to voltage
source connected to the graphene quantum dot field effect transistor causes a current proportional to the charge of the
holes or electrons trapped in the quantum dots by the electrons or holes to flow in the channel.

PROBLEM TO BE SOLVED

[0011] The method of preparing electronic devices formed by (or containing) one-dimensional or two-dimensional
structures that present quantum conductance and capacitance with a period of time and a dynamic rate of transfer and
transport of electrons correlated by quantum entanglement or interlacing with the quantum capacitive energy states of
these structures and which are characteristic of the energy levels of one-dimensional or two-dimensional electronic
structures, allows the preparation of advantageous microdevices for various applications.

[0012] Such structures may contain one or more quantized energy states composed of specific values of quantum
conductance and capacitance. This correlation between the quantum states of conductivity and capacitance is due to a
quantum entanglement effect between the state of conductance and capacitance whose ratio is a frequency and its
inverse a time characteristic of the state of one-dimensional or two-dimensional materials, both states of conductance and
quantized capacitance enable the application of this phenomenon in quantum devices, such as alternating current (A.C.)
transistors or transient transistors, when the disturbance is not harmonic.

[0013] The properties of A.C. quantum transistors or transients designed based on this type of quantum entanglement
phenomenon can be modulated by temporal transient methods or by harmonic perturbations on these one-dimensional or
two-dimensional structures and their quantized energy states. An example of harmonic temporal perturbation of these
entangled quantum structures is the experimental perturbation that makes use of impedance spectroscopy and its
derivations, but this is not the only technique or method that allows access to this type of quantized information in one- or
two-dimensional structures, but It is certainly one of the most versatile and powerful.

[0014] Thus, the present invention deals with a method of obtaining, as well as the transistors obtained that operate in
A.C. mode with the advantages of also being able to operate in an electrochemical environment when necessary, and
which use quantum entanglement states formed by the correlation of signals between conduction states (quantum
conductance) and energy storage (quantum capacitance), both quantized states, of 1D or 2D materials deposited on a
substrate or connected between two conductive terminals, with great advantages in their use.

DESCRIPTION OF FIGURES

[0015] To complement the present description to obtain a better understanding of the characteristics of the present
invention and its potential for use as A.C. transistors and in accordance with a preferred practical implementation of the
same, the attached description is accompanied by a set of figures, where, in an exemplified, although not limiting, manner,
the following were represented:

Figure 1 illustrates: in (a) a typical architecture of an electrochemical field effect transistor, wherein only a conductive
terminal is considered, which acts as source and drain, the reference electrode corresponds to the gate and the 1D or
2D structure corresponds to the channel. In this configuration the transistor operates in A.C. mode and can be
monitored by time- or frequency-dependent measures. The electrolyte acts as a dielectric; and (b) corresponds to a
configuration of a classical field effect transistor in which the electron density in the channel between the two distinct
conductive terminals (S and D) changes according to the change in the gate voltage. The classical transistor operates
based on the D.C. voltage response.

Figure 2illustrates: (a) animpedimetric Nyquist diagram of an electrode containing the 2D material ata given potential;
and in (b) a capacitive Nyquist diagram identifying the resonance frequency of the quantum state at the maximum
point of the semicircle (f,) and the frequency at the maximum of the capacitance extracted from the diameter of the
semicircle (fg). Pure ionic liquid in different concentrations was used as electrolyte.

Figure 3 illustrates: (a) the measurement of quantum capacitance in ionic liquid (IL), C1, C2 and C3; in (b) the
measurement of conductanceinionicliquid (IL), C1, C2and C3;in (c) the measurement of the quantum capacitance in
C4, C5 and C6; and in (d) the measurement of conductance at C4, C5 and C6 of an electrode containing the 2D
material from the corresponding frequency of Cq in a given potential range. Pure ionic liquid in different concentrations
was used as electrolyte.
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Figure 4 illustrates: (a) the 'rate’ or electron transfer ratio k inionic liquid (IL), C1, C2 and C3 of the electrode; and (b) the
rate k in C4, C5 and C6 containing the 2D material from theC, corresponding frequency in a given potential range.
Figure 5 illustrates: (a) the measurement of quantum capacitance in ionic liquid (IL), C1, C2 and C3; (b) the
measurement of conductance in ionic liquid (IL), C1, C2 and C3; (c) the measurement of the quantum capacitance
in C4, C5 and C6; and (d) the measurement of the conductance at C4, C5 and C6 of an electrode containing the 2D
material from the resonance frequency that corresponds to the maximum point of the semicircle in a given potential
range. Pure ionic liquid in different concentrations was used as electrolyte.

Figure 6illustrates: (a) the 'rate’ or electron transfer ratio k inionic liquid (IL), C1, C2 and C3 of the electrode; and (b) the
rate k in C4, C5 and C6 containing the 2D material from the resonance frequency that corresponds to the maximum
point of the semicircle in a given potential range. Pure ionic liquid in different concentrations was used as electrolyte.

GENERAL DESCRIPTION OF THE INVENTION

[0016] Quantum entanglementis a physical phenomenon in which the quantum states of various subsystems cannotbe
described independently of each other, although they are spatially separated. Such a phenomenon offers unique insights
into the fundamental principles of our physical world and, at the same time, provides the basis for new communication and
sensing protocols that go beyond the capabilities of their classical counterparts. Among the main applications, information
processing tasks, Einstein-Podolsky-Rosen paradox, quantum cryptography, superdense coding, information teleporta-
tion, quantum computing, entanglement-assisted error correction (and as a tomographic resource) stand out. Large-scale
production is still a challenge, however, the success of solid-state devices in the microelectronics revolution has motivated
scientists and engineers to design devices based on 1D and 2D materials, which, unlike their classical analogues, have
specific quantum properties that differ from the latter.

[0017] Structures with nanometric dimensions molded into one-dimensional or two-dimensional materials have ex-
cellent electronic, chemical, optical and magnetic properties. Among the one-dimensional materials we mainly have
carbon nanotubes, both single-walled and multi-walled, and among the two-dimensional materials the following stand out:
graphene, hexagonal boron nitride (hBN), transition metal dichalcogenides (TMDCs), phosphorene, layers of double
hydroxides (LDHs), a family of monoelemental compounds (Xenes), metal nitrides/carbides (MXenes), perovskite-type
oxides, 2D polymers, etc. Such materials have been used as building blocks for the development of quantum devices.
[0018] Devices applying alternating A.C. and transient current have advantages when compared to direct current D.C.
devices, as they can operate under a relatively low electric field, which is useful for increasing the efficiency of information
and energy emission, reducing energy consumption and improving device stability. Impedance spectroscopy is a non-
destructive technique thatuses an A.C. signal to excite or perturb a system by measuring the alternating current or voltage
response.

[0019] One of the most important reasons for working with sinusoidal A.C. current is that it corresponds to the voltage
used throughout the world for the transmission of energy and the transmission of information and, by this means, signal
transmission between quantum entangled states can also be optimized. Therefore, and due to the above-mentioned
advantages, alternating current engineering is relevant in device manufacturing, especially quantum electronic devices.
Within this context, impedance spectroscopy and its derivations are versatile and powerful tools and have already proven
to be useful for evaluating the characteristics of a molecular circuit at electrochemical interfaces and in analytical systems.
[0020] Due to this, the presentinvention of method and transistors operating in A.C. mode (with the advantages of also
being able to operate in an electrochemical environment when necessary) uses quantum entanglement states formed by
the correlation of signals between conduction states (conductance quantum) and energy storage (quantum capacitance),
both quantized states, of 1D or 2D materials deposited on a substrate or connected between two conductive terminals.
[0021] One-dimensional (1D) and two-dimensional (2D) structures can present both quantum conductance and
capacitance according to a period of time and temporal rate characteristic of each quantum state of these structures.
This behavior is correlated with the quantum entanglement (or entanglement) of this quantum state; typical of the values
and the ratio of the values between conductance and quantum capacitance of Cq this state. This entanglement
corresponds to a quantum mechanical phenomenon whose properties in 1D and 2D structures allow the engineering
of quantum transistors that operate in AC mode (alternating current) or through transient disturbances. These quantum
transistors allow all the applications already available in classical transistors that operate in DC (direct current) mode, but
with additional advantages that include greater sensitivities and better electronic and information transport performance
over long distances in the device, intrinsic to quantum phenomena and new transistor architectures that were previously
not possible to be realized in DC mode, as has been the case with classical transistors.

[0022] Quantum capacitance Cq is proportional to the density of states of the quantum state. The entangled state occurs
by the quantum entanglement of this quantum capacitance with the quantum conductance G which, in turn, occurs in steps
of e2/h and is maximum for metallic channels of one dimension.

[0023] The state of quantum entanglement defines a temporal rate of the quantum state that is given by the ratio k =

GIC,,, or it defines a characteristic period of time such that R,C,, being R, = 1/G. k has a frequency unit, i.e., in Hertz, and
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can also be expressed as a time constant wherein R,C, with unit in seconds. Components G and C, are quantized
properties of the electronic structure of 1D and 2D materials and are quantum entangled, in such a way that kor RquaIIow
us to identify the changes that occur in the system by measuring and monitoring this quantized property.

[0024] The quantum and entangled temporal state must be accessed by alternating current (A.C.) measurements or
transient measurements, since under these conditions the quantum state remains quantized regardless of the electronic
transport mode associated with R or G. In the direct current (D.C.) regime, the quantum channel associated with the state
of conduction or quantum resistance requires that it function perfectly or have a ballistic mode of transmission. This does
not apply to A.C. or transient measurements performed on quantum entangled systems. In A.C. measurements or
transients in quantum entangled systems, transport will occur in a quantized manner regardless of the transmission mode
of the quantum conduction channel.

[0025] 1D structures are one-dimensional structured materials that are nanoscale in one dimension. Electrons are
confined to one dimension, meaning they cannot move freely. As an example of these structures, we have single-walled
carbon nanotubes, multi-walled carbon nanotubes, graphene nanoribbons, inorganic semiconductor nanowires (Group
IV - Si and Ge nanowires, Group IlI-V InAs, GaAs, GaN nanowires, from Group 1I-VI CdS, CdSe, ZnSe and metal oxide
nanowires, such as ZnO and SnO,);

[0026] Two-dimensional (2D) materials are scaled to the nanoscale in two dimensions. Electrons are confined in two
dimensions, indicating that electrons cannot move freely but only within the 2D plane. As an example of these structures
we have graphene and its derivatives (graphene obtained by chemical vapor deposition, epitaxial graphene grown on
silicon carbide substrates, graphene obtained by mechanical exfoliation, graphene oxide and reduced graphene oxide
obtained by the Hummers method, crumpled graphene, graphene nanoribbons); graphene doped with nitrogen,
phosphorus, sulfur, oxygen, boron, in addition to atoms belonging to the group of alkali metals and the group of halogens,
etc.; nanocomposites formed by graphene/metallic nanoparticles, graphene/conducting polymers, graphene/carbon
nanotubes. 2D materials beyond graphene (black phosphorus, MoS,, WSe, h-BN, CrS,, CrO,, VS,, VO,, NbSe,);
hexagonal boron nitride and its nanocomposites with metallic nanoparticles, polymers, carbon nanomaterials (graphene
and nanotubes), among others.

[0027] 1D or 2D materials can be deposited on silicon substrates, Si/SiO,, gold, germanium, glassy carbon, indium tin
oxide (ITO), tin oxide doped with fluorine (FTO), PET (polyethylene terephthalate) substrates, kapton, parylene-c, glass,
corning. The electrical contact on the 1D or 2D materials deposited on the substrates can be titanium/gold, titanium/-
platinum, chromium/gold, platinum, pure silver, silver/tin, silver/nickel, and other types of silver, silver/oxide of cadmium,
silver/tin oxide, tungsten/silver, tungsten/copper, phosphor activation in epitaxial Si, Ge, Ge,_,Sn,, Sine1_x_ySnX.
[0028] Quantum entanglementis accessed through time-dependent and/or transient measurements (A.C. mode being
a specifictype). The values of the components G and thhat make up the entanglement (in the case of harmonic electrical
measurements of the A.C. type) can be obtained preferably, but not only that way. From the graphs of impedimetric Nyquist
(Z' versus -Z”) and capacitive Nyquist (C’ versus C”) and impedimetric (Z’ or Z” versus logarithm of the frequency) and
capacitive (C’ or C" versus logarithm of frequency) Bode, data corresponding to the components of quantum entanglement
are obtained. Z' and Z" correspond, respectively, to the real component and imaginary component of the complex
impedance function. Similarly, C’ corresponds to the real component and C" corresponds to the imaginary component,
wherein the real component is related to the imaginary part of the impedance C’ = Z"/w|Z|2 and the imaginary capacitive
component to the real part of the impedance C" = Z'/w|Z|2. The measured complex impedance function Z*(») can be

converted into the complex capacitance function C*(w) by the relation C*(w) = 1/jwZ*(»), J= \/__1
to the angular frequency which is given by o = 2zf, where fis the frequency.

[0029] The frequency peak of the capacitive Bode plot of the imaginary component corresponds to the resonance
frequency or the value of k. This rate is associated with the electrodynamics of the quantum entangled state between the
conductance G and the capacitance Cq of the state. k = G/Cq.

[0030] The capacitance value (real component) at a specific angular frequency of the capacitive Nyquist plot corre-
sponds to Cq of the entangled state whenever Cq dominates the electrochemical equivalent capacitance response of the
state. The frequency can be monitored in different media and analyzed against a potential range, in order to obtain the Cq
corresponding frequency depending on the potential.

[0031] The value of the capacitance (imaginary component at a typical frequency of the process) multiplied by the
characteristic angular frequency obtained in the capacitive Nyquist plot corresponds to the quantum conductance G of the
entangled state. The frequency can be monitored in different media and analyzed against a potential range, in order to
obtain the G corresponding frequency depending on the potential.

[0032] Any type of mathematical or circuit adjustment that allows obtaining the values of the conduction and quantum
capacitance components.

[0033] The change in quantum entanglement occurs due to:

Variation of temporal quantized states of energy depending on the concentration of species present in the medium
connected to the gate or channel of the A.C. or transient transistor; or the:

and o corresponds
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Variation of quantized states according to the physical-chemical characteristics of the medium that is in contact with the
gate or channel of the A.C. transistor or transient; or:

The variation of temporal quantized states of energy depending on an intensity of photons that arrive at the gate or channel
of the A.C. transistor or transient; or:

The variation of temporal quantized states of energy depending on an intensity of electromagnetic radiation that reaches
the gate or channel of the A.C. transistor or transient; or:

The variation of temporal quantized states of energy as a function of a temperature variation at the gate or channel of the
A.C. transistor or transient, or:

The variation of temporal quantized states of energy as a function of a varied mass at the gate or channel of the A.C.
transistor or transient; or:

The variation of temporal quantized states of energy as a function of a variation in the electric or magnetic field in the A.C.
transistor channel or transient.

[0034] The change in quantum entanglement can also occur due to the physical or chemical modification of the gate with
electroactive or non-electroactive molecules.

[0035] Some time-dependent and transient measurement techniques include Square wave voltammetry (SWV);
differential pulse voltammetry (DPV); impedance spectroscopy (electrical and electrochemical, EIE). In the case of
EIE, it also involves its derivations such as capacitance spectroscopy (electrical and electrochemical), as well as other
immittance functions (electrical and electrochemical).

[0036] Transistors obtained using alternating current (A.C. mode of operation) are characterized by being economically
viable and with better electronic transport performance in the transistor channel, offering less energy loss during operation.
Transistors are characterized by acting as amplifiers or switches and can be employed in basic components of all
electronic chips and new quantum transistor devices, as long as they use A. C. modes or similar modulation of operation.
The transistors obtained can be used as field effect transistors, bipolar junction transistors, small signal transistors,
switching transistors, power transistors, photo transistors, among others.

[0037] The transistors obtained may be field effect transistors (FET) of different natures, such as: depletion type metal-
oxide-semiconductor FET (MOSFET) which may be N-channel or P-channel, as well of intensification type which may be
N-channel or P-channel, depletion type FET (JFET) junction which can be N-channel or P-channel, organic field effect
transistor (OGFET), insulated gate bipolar transistor (IGBT), organic memory nanoparticle (NOMFET), DNA field-effect
transistor (DNAFET), metal-semiconductor field-effect transistor (MESFET), high electron mobility transistor (HEMT), fast
recovery epitaxial diodes (FREDFET), sensitive field-effect transistor ion transistor (ISFET), chemically sensitive field
effect transistor (ChemFET), graphene-based field effect transistor (GFET).

[0038] Forquantum entanglementto be used, the channel must be made of materials with 1D or 2D dimensions and the
transistor must operate in AC or transient regimes with entangled states between conductance and capacitance.
[0039] The phenomenon of quantum entanglement is characterized by the possibility of being used in optical com-
munication, emerging technologies of quantum computing and quantum cryptography, quantum teleportation (quantum
networks and quantum calculations), quantum information science, sensing, multiplexable devices, metrology, improved
microscopes, quantum biology (biological compass), such that:

Pulsed optical communication adjusts transistor frequencies promoting space-based communications, such as
satellite to satellite and space vehicle to space vehicle (including HAPs, high-altitude platform-station), which may
eventually be ideal for application of server-to-server and router-to-router for Internet connectivity;

The quantum computer can use quantum bits, or qubits, which in turn encode zero and one into two distinguishable
quantum states. Where quantum cryptography allows completely secure communications between distant parties
and quantum entanglement of states can be differentiating for this type of technology;

Quantum teleportation can transmit information in quantum networks (in the specific case mentioned here, it may
occur due to the use of quantum entanglement) and can serve as an elementary operation in quantum computers.
Entangled transistor systems can also be a differentiator in this type of technology;

Quantum information science, using the property of entanglement and 1D and 2D structures can study the smallest
particles of matter and energy such as fermions, to obtain and process information in ways that cannot be achieved
based on the principles of classical physics. This category encompasses metrology, sensing, communication,
computing and quantum simulation;

Quantum metrology and sensing using the entanglement property can provide greater precision compared to
products based on classical physics or existing quantum technologies. They include atomic clocks, gravitational
gravimeters and gradiometers, inertial motion units, atomic magnetometers, magnetoencephalography scanners,
electron microscopes, quantum-assisted nuclear rotary imaging devices, Global Position System (GPS) systems,
gas concentration sensors, among others;

Quantum computing and simulation, using the property of entanglement and 1D and 2D structures can offer the
possibility of computing in an exponentially greater way regarding the spacing between states than could be
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accessible with classical computing and allow the use of quantum hardware to undertake the critical properties of a
complex quantum system;

Quantum biosensors, using the property of entanglement and 1D and 2D structures, can be much more sensitive and
precise than what is currently available for applications in health field (diagnosis of diseases, discoveries of new
compounds), environment (detection of pesticides, chemical weapons, contaminants in water, ecological pollution
control), food industry (detection of bacteria, chemical and biological contaminants, quality control). Detection of the
analyte may require the modification of 1D and 2D materials with receptors;

Quantum biosensors, using the property of entanglement and 1D and 2D structures, can be optical, electrochemical,
colorimetric, piezoelectric, magnetic whenever based on the quantum entanglement phenomenon of an A.C. or
transient transistor. The biosensor can qualitatively or quantitatively recognize an analyte. Quantum biosensors can
be multiplexable devices that are characterized by detecting more than one analyte. Biosensors can be point-of-care
devices that are characterized by being portable and allowing quick and real-time diagnostic tests;

The receptor anchored in 1D and 2D materials can be based on aptamers, antibodies, antigens, antibody fragments,
oligosaccharides, peptides, cells, bacteria, viral particles, enzymes and proteins; and

The analyte recognized by the receptor can be aptamers, antibodies, antigens, antibody fragments, oligosaccharides,
peptides, cells, bacteria, viral particles, enzymes and proteins;

DETAILED DESCRIPTION AND EXAMPLE OF IMPLEMENTATION OF THE INVENTION

[0040] The presentinvention deals with a method of obtaining transistors operating in A.C. mode with the advantages of
also being able to operate in an electrochemical environment when necessary and which uses states of quantum
entanglement formed by the correlation of signals between conduction states (conductance quantum) and energy storage
(quantum capacitance), both quantized states, of 1D or 2D materials deposited on a substrate or connected between two
conductive terminals.

[0041] Inbothcases, these 1D and 2D structures (see Figure 1) form a channel of a transistor with electrodes containing
suitable electrical contacts and connected to the external environment and allowing access to the channel’s quantum
conductance and capacitance states, (as defined in equations 1 and 2 below, respectively) and which operate according to
a period of time and a conductance/capacitance ratio (according to equation 3 below) as a characteristic signal, and which
vary quantumly in accordance with a variation imposed by the medium in the transistor channel that is in contact with the
medium through the terminal called gate or door (see below). This entangled quantum state is dependent on the mediumin
which the transistor is inserted and also allows applications of quantum entanglement such as AC and transient field effect
transistors.

[0042] The conventional field effect transistor system can be composed of three elements: ‘source’ (S), ‘drain’ (D) and
‘gate’ (G). The 'source’is the terminal where charge carriers enter the channel, while the ‘drain’is the terminal where the
charges leave the channel and ‘gate’ is responsible for modulating the conductivity in the ‘channel’. The terminals
represent the point at which the transistor is connected to the circuit, and this is made up of conductive materials, such as
gold and titanium. In a configuration containing only one conductive terminal, this will act as source and drain. In this
example, the one-dimensional or two-dimensional structures deposited on a base substrate will be exposed to the medium
and will act as the channel and the reference electrode, which can be platinum, will act as the gate (Figure 1a). In a
configuration containing two terminals, which are physically distinguishable from each other, both will be coupled by a
conductive connection and, therefore, one will act as a source and the other as a drain (Figure 1b). Both configurations may
or may not contain an electrolyte, that is, the medium may be liquid, gaseous or another physical or chemical state of
matter.

[0043] As anexample, we show the variation of the conductive and capacitive components of a transistor operating in
electrochemical mode accompanied by two specific frequencies obtained by impedance-derived capacitance spectro-
scopy measurements: the resonance frequency of the quantum state obtained at the maximum point of the semicircle in
the capacitive Nyquist diagram (fr, Figure 2b) and the frequency obtained at the maximum of the capacitance, which is
extracted from the diameter of the semicircle of the capacitive Nyquist diagram (f;, Figure 2b) at each concentration.
Frequency variation is observed when changing the salt concentration in the ionic (dielectric) liquid. With the increase in
ionic concentration, which is in contact with the 1D or 2D structure and contains quantized energy levels, a change in the
external potential is observed that affects the quantum channel, which in turn responds in an entangled way, thatis, there is
an interdependence in the responses of capacitive (Cq) and conductive (G) properties.

[0044] Both frequencies can be used as parameters for monitoring the entangled quantum state due to changes
imposed on the medium (gate or changes in the transistor channel). It was observed that the changes occur in an
entangled and quantized way, demonstrating the application of the operating principles of the A.C. transistor in monitoring
the environment in which it is in contact.

[0045] According to the presentinvention, proof of the feasibility of using electrodes manufactured as one-dimensional
(1D) or two-dimensional (2D) structures such as A.C. transistors, comprises, for example, a 2D carbon-based structure
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with quantized states that is deposited in a controlled manner on a base, non-conductive and flat substrate and then an
ohmic electrical contact suitable for carrying out the measurements is deposited, which are carried out in electrochemical
mode. For these measurements, a potential is applied to the contacts and the 2D structure acts as a working electrode;
Platinum is used as a counter electrode and quasi-reference.

[0046] Asillustratedin Figure 1a,inthe presentinvention the electrochemical field effect transistor consists of a terminal
acting as source and drain (it could have a configuration containing two terminals as shown in Figure 2b), the platinum
electrode as gate and the 2D structure the channel. The electrolyte used is an ionic liquid (which acts as a dielectric in the
transistor configuration) and to this dielectric or ionic liquid quantities of salt are added in 6 (six) different concentrations in
order to change the ionic concentration of the medium and its properties. Such changes implied a change in the electric
field in the A.C. transistor channel and consequently caused a quantized change in the response, as can be seen by the
discontinuous change in conductance G and quantum capacitance Cq as indicated in Figures 3 and 5.

[0047] The change occurs in an entangled way between the conductance and the quantum capacitance in the A.C.
transistor channel, and this can be observed when analyzing the ratio in G/Cq that corresponds to a temporal rate of
electronic transfer (Figures 4 and 6), as can be seen from the theory presented below. The impedance spectroscopy
measurements that were used to obtain Ge Cq were carried out using a potentiostat equipped with a frequency response
analyzer (Figure 2a).

[0048] Impedance-derived capacitance spectroscopy diagrams (Figure 2b) were acquired over a wide frequency
range, with a 10 mV sinusoidal perturbation at the open circuit potential. The measured complex impedance function Z*(»)
was converted into the complex capacitance function C*w) by the relation C*(w) = 1/joZ*(w), where o is the angular

frequency and J =V -1 . Thus, the real and imaginary components of the capacitance are accessed as C' =Z"/w/|

— [ 72 12
Z|?and C" = Z'lw|Z|?, where 1zl =~z +2". is the module of the complex impedance function.

[0049] To obtain impedance-derived capacitance spectroscopy, initially impedance spectroscopy measurements are
performed at a fixed potential, as can be seen in the Nyquist diagram present in Figure 2a. The impedance spectroscopy
data is converted into complex capacitance data, shown in Figure 2b. The f, and f, frequencies were extracted from the
capacitive Nyquist plot, identified in Figure 2b. Both frequencies were obtained against the variation imposed by the
environment, and then analyzed against a potential range.

[0050] Electrochemical capacitance, in turn, is defined as:

—_— =4 = (formula 1)

wherein Cﬂ is the electrochemical capacitance (equivalent capacitance), C, corresponds to geometric or electrostatic
capacitance and Cq is the quantum capacitance. Like C, » quor quantized 1D and 2D structures, C/;Cq. Inotherwords, in
cases where there is a significant density of electrons in accessible states in the nanostructure, as in the case of the present
system based on graphene whose electronic structure is formed by carbon atoms arranged two-dimensionally, C# is
dominated by Cq and, consequently, electric field screening is governed by electron dynamics attenuated by the
electrochemical environment that relates to the quantum phenomena associated with Cq.

[0051] Both frequencies were evaluated at different ionic concentrations. Figures 3a and 3c correspond to Cq of the
system and Figures 3b and 3d correspond to the conductance G for the frequency at maximum capacitance, at lower and
higher ionic concentrations, respectively. Figures 5a and 5c¢ correspond to the Cq measurement of the 2D system and
Figures 5b and 5d correspond to G at the resonance frequency, at lower and higher ionic concentrations, respectively.
[0052] Conductance G(u) is related to the electron transfer/transport process and is described by:

G = (32) ZuTul) = Go T T() (formula 2)

where G, = 2e2/h is the quantum conductance and =, T,(x) is the electron transmission probability matrix in a quantum
channel for the transport of electrons in this channel at a given chemical potential x. In an ideal quantum channel, the
transmission matrix is equivalent to one unit, and in this case, G(u) it is equal to G,. The channels represent the
communication probabilities between quantized energy states that exchange electrons with each other and the electron
transmittance depends on the physical characteristics of the scattering region.

[0053] However, itis important to highlight that the electronic transport associated with G(x)when measured in A.C. or
transient mode remains quantized regardless of the electron transmission mode during electronic transport. In the
classical case and in direct current mode, D.C., although universal, is only quantized if there is a perfect channel
transmittance or ballistics.

[0054] This correlation between conductance and quantum capacitance has already been observed in the transfer of
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electrons at the nanometric scale of molecular films and can be characterized by a "rate" or electron transfer ratio k that is
expressed by the ratio between the functions G and C, in such a way that:

_ ze? 1, 1)_ 6w
kG = 2T T (2 + £) = 22 (formula 3)

Forthe presentcase C, » Cq and therefore kfor the 2D system corresponds to k = G/Cq. Figures 4a and 4b and Figures 6a
and 6b correspond to an electron transfer rate k = G/C,, that is determined by the relationship between quantum
capacitance (energy storage) and quantum conductance (charge transport) within the 2D carbon-based structure. Note
that k is a temporal unit of frequency measured in s-! (1/seconds or equivalent to Hertz) and can also be interpreted as a
period of time constant in which G = 11R offers k1 =7 = Rqu, and therefore in a way that it is possible to characterize a
quantum entangled state and a temporal energy state as a function of different ionic concentrations of the electrolyte
presentinthe medium. As Gand Cq are quantized and are quantum entangled, k obtained for the 1D or 2D structure is also
quantized and is an intrinsic temporal property of the 1D or 2D system that can be used as a quantum channel in a
transistor, in the electrochemical case, and which, due to its entanglement nature, allows the transmission of energy and
information overlong distances and is extremely sensitive to changes in the chemical environment coupled to the quantum
channel and its temporal energy level.

[0055] Thatway, we can observe the correlation of the capacitance Cq and quantum conductance G of the 2D structure
according to the variation of the ionic strength in the ionic liquid that is in contact with the 2D structure and imposes an
electric field on the quantum channel that responds in a quantized way. It is observed that any change between its
components affects the quantized charge balance, due to the quantum coupling effect between them, and can then be
monitored by time or frequency dependent measurements, as is the case with impedance spectroscopy, among others,
demonstrating that changes occur in leaps and not continuously. This correlation between quantum conductivity and
capacitance is directly related to quantum entanglement in such a way that it allows the application of this phenomenon as
AC transistors and transients and any modification imposed in a spatial region of the material can be felt in both the
capacitance and conductance, in different regions of the material.

[0056] The ratio between conductance and capacitance is exemplified, which is physically described through electronic
transferdefinedas k= G/Cq, as a quantized property, as are the individual elements of conductance and capacitance of the
structure, with changes occurring in leaps and not continuously, thus exemplifying the high quantization of the system. The
use of these properties has an importantimpact on the design of A.C. or transient transistors that are intrinsically temporal,
unlike their classical analogues that operate in D.C. and continuous mode, intrinsically independent of time.

[0057] Itisevidentthatwhen the presentinventionis putinto practice, modifications may be introduced regarding certain
details, without departing from the fundamental principles that are clearly substantiated in the claims, thus understanding
that the terminology used should not represent a limitation.

[0058] Thus, from the configuration and functioning characteristics described above, it can be clearly noted that the
QUANTUM TRANSISTOR AND QUANTUM MODIFIED TRANSISTOR PREPARATION METHOD are a new method and
device for the State of the Art, which has unprecedented conditions of innovation, inventive activity and industrialization,
which make it deserve the Invention Patent Privilege.

Claims

1. QUANTUM TRANSISTOR PREPARATION METHOD, characterized inthatitcomprises one-dimensional (1D) and
two-dimensional (2D) structures that exhibit quantum conductance G and capacitance Cq behavior according to a
period of time and temporal rate of each quantum state of such structures correlated with quantum entanglement (or
interlacing) of this quantum state; wherein the components G and C, are quantized properties of the electronic
structure of 1D and 2D materials, which are quantum entangled; wherein the electrons are confined to one dimension
when in one-dimensional (1D) structures, and wherein the electrons are confined to one or two dimensions when in
two-dimensional (2D) structures, thus indicating that electrons can move freely with speeds around the Fermi speed
only within the 1D and 2D plane, respectively; these structures can configure transistors that are modified by quantum
engineering working in A.C. (alternating current) mode or by transient disturbances with entangled states between
conductance and capacitance.

2. METHOD, according to claim 1, characterized in that the quantum capacitance Cq is proportional to the density of
quantum states; and the entangled state occurs due to the quantum interlacing of the quantum capacitance with the
quantum conductance G which, inturn, occurs in steps of e2/h and is maximum for metallic channels of one dimension.
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METHOD, according to claim 1, characterized in that the quantum and entangled temporal state is accessed by
alternating current (A.C.) measurements or transient measurements since the transport occurs in a quantized way
regardless of the transmission mode of the quantum conduction channel.

METHOD, according to claim 1, characterized in that the materials with one-dimensional (1D) structures comprise
single-walled carbon nanotubes, multi-walled carbon nanotubes, graphene nanoribbons, Group IV inorganic semi-
conductor nanowires - Si and Ge nanowires, Group llI-V InAs nanowires, GaAs, GaN, Group II-VI CdS nanowires,
CdSe, ZnSe and metal oxide nanowires such as ZnO and SnO,.

METHOD, according to claim 1, characterized in that the materials with two-dimensional (2D) structures comprise
graphene and its derivatives: graphene obtained by chemical vapor deposition, epitaxial graphene grown on
substrates of silicon carbide, graphene obtained by mechanical exfoliation, graphene oxide and reduced graphene
oxide obtained by Hummers method, crumpled graphene, graphene nanoribbons; graphene doped with nitrogen,
phosphorus, sulfur, oxygen, boron, in addition to atoms belonging to the alkali metal group and the halogen group, and
others; nanocomposites formed by graphene/metallic nanoparticles, graphene/conducting polymers, graphene/-
carbon nanotubes; 2D materials beyond graphene, black phosphorus, MoS,, WSe, h-BN, CrS,, CrO,, VS,, VO,
NbSe,; hexagonal boron nitride and its nanocomposites with metallic nanoparticles, polymers, carbon nanomaterials
(graphene and nanotubes), among others.

METHOD, according to claim 1, characterized in that the materials of one-dimensional structures (1D) and two-
dimensional structures (2D) are deposited on substrates of silicon, Si/SiO,, gold, germanium, glassy carbon, indium
and tin oxide (ITO), fluorine-doped tin oxide (FTO), PET (polyethylene terephthalate) substrates, kapton, parylene-c,
glass, corning.

METHOD, according to claim 1, characterized in that quantum entanglement is accessed through time-dependent
and/or transient measurements; wherein the values of the components G and Cq can be obtained preferably, but not
only by: from the graphs of impedimetric Nyquist (Z' versus -Z”) and capacitive Nyquist (C’ versus C") and
impedimetric Bode (Z’ or Z” versus logarithm of the frequency) and capacitive (C’ or C" versus logarithm of frequency);
by the frequency peak of the capacitive Bode plot of the imaginary component; by the capacitance value (real
component) at a specific angular frequency from the capacitive Nyquist plot; by the frequency monitored in different
media and analyzed against a potential range; by the capacitance value multiplied by the characteristic angular
frequency obtained from the capacitive Nyquist plot; by the frequency monitored in different media and analyzed
against a potential range, in order to obtain the corresponding G as a function of the potential; and by any type of
mathematical or circuit adjustment that allows obtaining the values of the conduction and quantum capacitance
components.

METHOD, according to claim 1, characterized in that the change in quantum entanglement occurs due to: variation
of temporal quantized states of energy as a function of the concentration of species present in the medium connected
to the gate or channel of A.C. transistor or transient; variation of quantized states according to the physical-chemical
characteristics of the medium that is in contact with the gate or channel of A.C. transistor or transient; variation of
temporal quantized states of energy as a function of an intensity of photons that arrive at the gate or channel of A.C.
transistor or transient; variation of temporal quantized states of energy depending on an intensity of electromagnetic
radiation that reaches the gate or channel of A.C. transistor or transient; variation of temporal quantized states of
energy as a function of a temperature variation at the gate or channel of A.C. transistor or transient; variation of
temporal quantized states of energy as a function of a varied mass at the gate or channel of A.C. transistor or transient;
and variation of the temporal quantized states of energy as a function of a variation in the electric or magnetic field in
A.C. transistor channel or transient.

QUANTUM MODIFIED TRANSISTOR, characterized in that it comprises one-dimensional (1D) and two-dimen-
sional (2D) structures that exhibit quantum conductance G and capacitance Cq behavior according to a period of time
and temporal rate of each quantum state of these structures correlated with entanglement (or interlacing) quantum of
this quantum state; deposited or connected between two conductive terminals; wherein the components G and Cq are
quantized properties of the electronic structure of 1D and 2D materials and are quantum entangled; wherein one-
dimensional (1D) structures electrons are confined in one dimension and two-dimensional (2D) structures electrons
are confined in two dimensions, indicating that electrons cannot move freely, but only within the 1D and 2D plane,
respectively; whereind said structures define the channel and configure the quantum transistor working in A.C.
(alternating current) mode or by transient disturbances with entangled states between conductance and capacitance.

10



10

15

20

25

30

35

40

45

50

55

10.

1.

12.

13.

14.

15.

EP 4 465 363 A1

TRANSISTOR, according to claim 9, characterized in that the substrate may be silicon, Si/SiO,, gold, germanium,
glassy carbon, indium tin oxide (ITO), fluorine-doped tin oxide (FTO), substrates of PET (polyethylene terephthalate),
kapton, parylene-c, glass, corning.

TRANSISTOR, according to claim 9, characterized in that the channel with the electrodes contains suitable
electrical contacts which are connected with the external environment to access the conductance and quantum
capacitance states of the channel that operate according to a period of time and a ratio conductance/capacitance as a
characteristic signal, and may vary quantumly in accordance with a variation imposed by the medium in the transistor
channel that is in contact with the medium through the terminal gate or door; said entangled quantum state is
dependent on the medium in which the transistor is inserted, wherein the change in quantum entanglement occurs as
a function of the physical or chemical modification of the gate with electroactive molecules or not.

TRANSISTOR, according to claim 9, characterized in that quantum entanglement confers property for effect
transistors; it can operate in an electrochemical environment when necessary; with field effect (FET), metal-oxide-
semiconductor (MOSFET) depletion type, which can be N-channel or P-channel, and intensification type, which can
be N-channel or P-channel, depletion type FET (JFET) junction, which can be N-channel or P-channel, organic field
effect transistor (OGFET), insulated gate bipolar transistor (IGBT), organic nanoparticle memory (NOMFET), DNA
field effect transistor (DNAFET), semiconductor and metal field effect (MESFET), high electron mobility transistor
(HEMT), fast recovery epitaxial diodes (FREDFET), ion sensitive field effect transistor (ISFET), chemically sensitive
field effect transistor (ChemFET), and graphene-based field effect transistor (GFET).

TRANSISTOR, according to claim 9, characterized in that the materials with one-dimensional (1D) structures
comprise single-walled carbon nanotubes, multi-walled carbon nanotubes, graphene nanoribbons, Group IV inor-
ganic semiconductor nanowires - Si nanowires and Ge, Group IlI-V InAs, GaAs, GaN nanowires, Group II-VI CdS,
CdSe, ZnSe nanowires and metal oxide nanowires such as ZnO and SnO.,.

TRANSISTOR, according to claim 9, characterized in that the materials with two-dimensional (2D) structures
comprise graphene and its derivatives: graphene obtained by chemical vapor deposition, epitaxial graphene grown
on silicon carbide substrates, graphene obtained by mechanical exfoliation, graphene oxide and reduced graphene
oxide obtained by Hummers method, crumpled graphene, graphene nanoribbons; graphene doped with nitrogen,
phosphorus, sulfur, oxygen, boron, in addition to atoms belonging to the alkali metal group and the halogen group, and
others; nanocomposites formed by graphene/metallic nanoparticles, graphene/conducting polymers, graphene/-
carbon nanotubes; 2D materials beyond graphene, black phosphorus, MoS,, WSe, h-BN, CrS,, CrO,, VS,, VO,,
NbSe,; hexagonal boron nitride and its nanocomposites with metallic nanoparticles, polymers, carbon nanomaterials
(graphene and nanotubes), among others.

TRANSISTOR, according to claim 9, characterized in that the electrical contact on the materials deposited on the
substrates can be titanium/gold, titanium/platinum, chromium/gold, platinum, pure silver, silver/tin, silver/nickel, and
other types of silver, silver/cadmium oxide, silver/tin oxide, tungsten/silver, tungsten/copper, phosphor activation in
epitaxial Si, Ge, Ge_,Sn,, Sine1_x_ySnX.

11
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